Introduction
Thorium oxide (ThO 2 ) has recently attracted much attention as a nuclear fuel since it is proliferation resistant and the amount of uranium oxide is limited.
Thorium is not fissile, but can be converted into U-233 which is a fissionable isotope [1] . The behavior of nuclear fuel through irradiation is mainly dependent on its physicochemical properties and their change in temperature and burn-up. Other important thermo-physical properties to be considered are the melting point and density of the fuel. Thorium and uranium oxide fuels utilized in nuclear reactors have very high melting point, but they are of low density and they suffer from poor thermal conductivity [2] .
Thermal conductivity of ThO 2 -UO 2 fuel
It is well known that the thermal conductivity of ThO 2 is 50% higher than that of UO 2 over a considerable temperature range [2] . Berman et al. [3] suggested a systematic attempt to correlate thermal conductivity, temperature, and composition for ThO 2 -UO 2 system in the early 1970s. Belle and Berman [4] modernized the thermal conductivity correlation to 3126.85 o C by making use of the enthalpy data.
Melting point
A very important thermo-physical property to be considered for an engineering material, such as nuclear fuel, is the melting point. The onset of melting at the centerline of the fuel rod has been extensively accepted as an upper limit to the allowable thermal rating of nuclear fuel elements [4] . The melting point must be taken into account when considering a new fuel, as it limits the power that can be extracted from the fuel element. The knowledge of the melting point is also important in the fabrication of chemically homogeneous pellets like thoria-urania. ThO 2 , and UO 2 , have high melting points 3386.85, 2826.85 o C relatively and they have a low diffusion coefficient at normal sintering temperatures [5] .
Figure (1) shows the fuel bundle design with the large diameter center rod, so-called Variant-20 bundle [7] , which is used in the current analysis. The central rod has an outside diameter of 20 mm and is assumed to be unheated and the heated length is 5.772 (m). The remaining 42 elements have the outside diameter of 11.5 mm, the hydraulic equivalent diameter of the bundle is 7.83 mm.
MATHEMATICAL MODEL
The following are the recommended equations for the fuel thermal conductivity (K) as a function of temperature (T, K) which are valid from 873 to 1873 (K) for 0%, 4%, 6% and 10%, respectively, of UO 2 , [8] . . s [11] . The correlation uses the wall temperature to calculate thermo physical properties and is shown in the following equation:
The outer-sheath temperature can be calculated according to the following equation [9] . (23) Inner-sheath temperature The inner-sheath temperature can be calculated according to the following equation [9] .
(24) The outer-sheath temperature can be calculated according to the following equation [9] . (23) Inner-sheath temperature
The inner-sheath temperature can be calculated according to the following equation [9] .
(24)
Fuel centerline temperature
The aim of this investigation is to be sure that the fuel (ThO 2 -UO 2 ) centerline temperature (T b ) will be below the industry accepted limit of 1850 o C. The following correlations were used for the fuel centerline temperature calculations [9] :
Bulk-fluid temperature The initial step in the heat-transfer analysis is to determine the bulk-fluid temperature profile along the heated length, which was obtained by the heatbalance method. The inlet bulk-fluid enthalpy (h x ) was obtained based on the inlet temperature of 350°C and constant pressure.
+ (27)

Calculation of the heat transfer coefficient
The Reynolds number is expressed as: (8) shows that there is a good match between the present work and that reported by Lisa Grande et al. [9] for fuel clad and coolant temperatures, and shows that both of fuel temperature curves surpass the industry limit which is 1850 o C and that the clad temperature is about to touch the clad temperature limit which is 850 o C. It is also noticed that the clad temperature for the present work at any heated length is higher than that early reported [9] , where the fuel clad materials used is Inconel-600, whereas model 304 st-steel was used as a cladding material in the present investigation model. It is known that the thermal conductivity of the Inconel-600 is higher than that of SS-304. 
Conclusion
For the investigated variable parameters, the fuel centerline temperature surpassed the industry limit temperature, which is 1850 o C in case of 4% UO 2 and 10% UO 2 for all supercritical pressures. The clad temperature also exceeded the clad industry limit which is 850 o C. However, on the other hand, as the supercritical pressure increased, the fuel, clad and coolant temperatures have been found to decrease. Adding of UO 2 to the thoria, resulted in a high fuel temperature exceeding the industry limit. Hence using UO 2 as a nuclear fuel might not be the correct choice for supercritical water-cooled reactors (SCWRs). Thoria has also a high melting point which is very important in terms of fuel failures and release of fission product, this high melting point increases the durability and safety during normal and abnormal reactor operations. Using Inconel-600 seems to be the best sheath material choice compared to 304 st-steel because of its higher mechanical strength at high pressures and temperatures. 
